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npu6nH*eHHhll X8p8KTep COBpeMeHHhlX MeTODOB MHOrOK8H8nbHOI TeopHH 

pacce~HHH BHOCHT HeorrpeaeneHHOCTb B COOT~eTCTBHe Me*AY HCXOAHbiMH D8H­

Hb!MH saaaqu H pesyn&TaTOM TeopeTHqecKHX pacq~ToB, 3Ta aeorrpeneneHHOCTb 

He MO*eT arrpHOpHO cqHT8TbC~ ManoA, T8K K8K rpoM03DKHI BbJqHCnHTenbHbii 

arrrrapaT MeTOAOB CITOC06CTByeT HBKOrrneHHID OWH50K, OrrpeneneHHe CTpOrHX 

rpaHHU B03MO*HOI rrorpeWHOCTH pesynbTBT8 3H8qHTenbHO ITOBbiCHT ero pOnb 

KBK HCTOqHHK8 ¢H3HqeCKOI HH¢opM8UHH 0 TBK KBK IT03BOnHT H3 Cp8BHBHH~ 

C aKcrrepHMeHTOM rronyqaTb DOCTOBepHhle CBeneHHH 0 ITpHeMneMOCTH Bhl6paH­

HbiX HCXODHbiX ABHHbiX ( HBITpHMep, ¢opMbl ITOTeHUHana), 

npu peweHHH sanaq MHOrOK8H8nbHOI TeOpHH pacce~HH~ norryCKBIDTCH 

JJ:BB THIT8 ITOrpeWHOCTel: 06pb!B 5eCKOHeqaol CHCTeMbl ypaBHeHHI H rrorpew­

HOCTH BbJqncnuTen&Horo rrpouecca, YqeT rrocnenaux He rrpencTaBnHeT B aa­

cTo~wee BpeMH rrpuauurruan&Hol TpyaaocTu/ 1, 2,3/. Bnu~aue *e aa pesyn&TaT 

o6pwaa 6ecKoaeqaol cncTeMw HBnHeTcg ewe cna6o nsyqeHHofi o6nacTb~. 

J.13BeCTHbl ODHOCTOpOHHHe B8pH8UHOHHbie OUeHKH an~ nnRHbl pacce~HH~/4/ o 

norrhlTKH rronyqHTb TBKHe OUeHKH ITpll HeHyneBol aHeprHH/5/ Bp~n nil MO*HO 

CqllT8Tb ITOnHOCTbiD ycrreWHblMH, 

Hn*e rrpeanaraeTCH MeTOD rrpu6nn*eHHoro pewean~ ypaBHeHHH Wpenna­

repa, IT03BOn~IDlliHH ITpOH3BeCTH ITOnHhlH yq~T rrorpeWHOCTel H YK838Tb CTpO­

rue ABYCTpOHHHe rpaHHUhl 3HaqeHHI nro5ol Ha5nronaeMoA BenuqHHhl, 

1. YpaBaeaue lllpennarepa 

(H-E)IJI=O 

BblqHT8HHeM H3 IJI aCHMITTOTHKH ITBABIDWel BOnHbl <I> ITpHBOAHTCH K BRAY 
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Lu = (H"-E)u =(H-E) <II =f, (1) 

rne 
u = IJI- <II • 

cl>yHKUHlO u HUleM B BHJle p83JIO)KeHHSI ITO D -MepHOMY 083HCY 

n 

u = I ; ¢ . 
n l=l I I 

( 2) 

To'IHOe peweaHe ttJopMaJibHO MO)KeT 5bJTb 3arrHcaHo B BHne 

u = 
n 

Ia¢ +X, 
1=1 I I 

( 3) 

rne X - ocTaTOK pa3JIO)KeHHSJ TO'!Horo peweHHSJ, CoxpaHHM ero, '!T05bi rro­

cMoTpeTb, K '!e!lliy ITpHBOJlHT o5pb!B CI'ICTeMbJ, DoncTaHOBK8 ( 3} B ( 1} naeT 

ypaBHeHHe 

n 
I a L ¢ + LX= f 
1=1 I I 

(4) 

Dep~XOJl K CHCTeMe anreopaH'!eCKHX ypaBHeHH~ JliiSI K084J¢HuHeHTOB a 1 

ocyrneCTBJISJeTCSI rrpoeUHpOB8HHeM ypaBHeHHSI ( 4} H8 HeKOTOpOe D -MepHOe 

rronrrpocTpaHCTBO H3 o5nacTH 3Ha'!eHH~ orrepaTopa L . B Ka'!eCTBe oa3HCa 

aToro rronrrpocTpaHCTBa BbJ5epeM tPYHKUHH X 1 , rrony'!eHHhie rrpH opToHopM!lpo­

BaHHH tPYHKUH~ L¢ 
1 

• OpToaopM!lpoBaHHe rrpoH3BOJlHTCSJ rro H3BeCTHO~ rrpo­

uenype lliMHnTa: 

X = c L\p , 
I I I 

X2 =c2(L¢, + i2 L¢2), 

(5) 

X =c (L¢ +····+anL¢ ), 
n n 1 n n 

X =C (L¢ + ••••• +ULXLX). 
LX LX I LX 
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KoattJ4JnulleHThi c 
i 

I 
H a 

1 naxo)lSJTCSJ 1'13 ycnoBHSJ ( x , x ) d> • Pa3yMeeTcst, 
j x jx 

tPYHKUHSJ X LX HeH3BeCTHa H ae MO)KeT ObiTb rrocTpoeaa. OnnaKo ttJopManbHO 

6yneM rrpenrronaraTb1 'ITO npouenypa ( 5) rrpoH3BeneHa H JlJISJ X LX 

Ba)KHhiM cnencTBHeM TaKoro Bhioopa tPYHKUH~ X 
1 SIBJISJeTCSI llX OpTO-

roH81IbHOCTb K tPYHKUHSIM L¢1 c j > i 

<x ,L¢ )=0 > i ( 6) 

B cHny (6) rrpll rrpoeKTHpoBaHHH ypaBHeam (4) Ha rronrrpocTpaacTBo tPYHKUH:lt 

( 5) rrpHXOJlllM K CllCTeMe anreopaH'!eCKI'IX ypaBHeHHti: C rrpaBo:lt TpeyrOJibHO:lt (.!) 

MaTpHue:lt, 

<x ,L¢ )(x ,L¢ ) ... <x ,LX) 
1 I I 2 I 

U (X , L ¢ ) ... (X , LX ) 
2 

() 0 ... (\x' LX) 

3necb r. = <x. ,f) • 
J l 

a 
I 

a 
2 

J 

f I \ 

f 2 1 
( 7) 

I . I 
\ f LX j 

' I 

~a rrpaKTHKe pewaeTcSJ o6opBaHHaSJ cHcTeMa (6e3 rrocnenaero cTon6ua 

1'1 rrocnenHeii: cTpOKH) c MaTpnueii: ~ , EcnH obi MaTpHua ctlcTeMbi (7) He 

ObJJia TpeyronbHoii:, To aeo6xonnM 5brn 6br o6pbrB 11 MaTpl!Ubi II rrpaBoii: qac­

TH, DpeHMYiliBCTBO ITOIIY'IBHHOH TpeyrOJibHOH MaTpHUW COCTOHT B TOM, 'ITO 

JliiSJ rrepexona K IIpllOJill)KBHHOMy pBiliBHllffi Jl0CT8TO'IHO ITOJIO)KilTb fLX=0 
1 

T,B, 

o6opBaTb JIHillb rrpaBym 'lBCTb, TaKnM o6pa3oM, peweane rrpnoJIH)KBHHoii: cnc­

TBMhl COOTBBTCTBYBT pBiliBHI:Iffi TO'IHOH C 1:13BBCTHOH rrorpBiliHOCTbffi B rrpaBOH 

'l8CTH 1 HOpMa KOTOpoJi OITpBJlBJISJe~CSI Bb!p8)KBHHeM 

!IB£11=11 r- Ix. <x .. n 11. 
i J J 

OueHKa BJIIlstHHSJ TaKoH rrorpewaocTn aa pe3yJibTaT MO)KBT 5biTb rrpon3-

BeneHa .rro ¢opMyne/l/ 
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~ < Cond (M)· 

II a II 
1!8·£11 
II f I 

Cond (M) - "!Hcno o5ycnoane!"HOCTH MaTpHUbi M CHCTeMbi ( 7) 

-I 

Co nd ( M) = II M II II M II· 

( 8) 

( 9) 

3aAa"'a Terrepb cocToHT B rrony"!eHHH oueHKH aenH"'HHbi Cond(M) • Oaa oc-

nO)I{HSieTCH TeM, 'ITO M coAep)I{HT H9H3BeCTHbie s neMeHTbi. 

2. lloKa)l{eM, "'TO MaTpHua M MO)I{eT 5biTb rrpHBeAeHa op'roroHanbH-biM 

rrpeo5pa30BaHH9M K BHAY 

'\ 0 ........ (x 
1

,LX) 

0 ,\ 2 • • • • • • • • ( X 2 • LX ) ( 10) 

0 0 ......... (~x·LX) 

/3/ 
rAe A I - CHHrynHpHbie "'HCna H3B9CTHOl!: MaTpHUbl j= • 

Ope)I{Ae acero ITOKa)l{eM, 'ITO MaTpHUa j= yce"!eHHOl!: CHCT9Mbl M0)1{9T 

5biTb rrpHBeAeHa K AHaroHanbHOMY BHAY D OAHHM rrpaBbiM opToroHanbHbiM 

rrpeo5pa3oBaHHeM. 

vbaecTH0/3/ •. 'ITO rrpOH3BOnbHaSI MaTpHua A M0)1{9T Ob!Tb rrpHBeAeHa 

K T8KOMY BHAY ABYMSI OpToroHanbHbiMH rrpeo6pa30B8HHSIMH U H V 

UTAV=D. 

CrreuHanbHbil!: ( 5) Bbi5op !flyHKUH!l: X l rrpH rrpoeKTHpoaaHHH ypaaHeHHSI ( 4) 

BKnm"!aeT a ce5SI rrpoaeAeHHe nesoro rrpeo5pa3oBaHHSI H ocTaeTCSI TOnbKO rrpo­

H3aecTH rrpaaoe. 

lleil:CTBHTenbHO, AnSI rrony"!eHHSI yce"!eHHOl!: CHCT9Mbl C MaTpHueil: r rrpo-

eKTHpyeTCSI yce"!eHHOe ypaBH9HHe 

l~L¢ =f. 
1=1 I I 

. ( 11) 

6 

Pa3nO)I{HM B ( 11) !flyHKUHH L¢1 rro Ha6opy xk (k =l,2 ... n) ( L¢1 ne-

)1{8T B ITOAITpOCTp8HCTBe 0 o5pa30B8HHOM !flyHKUHSIMH )( 
k 

, cornacHo ( 5)) 

n n ( 12) 
~a 1 ~c X =f. 

1=1 k=1 lk k 

B CIWY ( 6) 

c = 0 AnSI j > k. ( 13) 

lk 

Depel!:neM B ypaBHeHHH ( 12) K HOBOH CHCTeMe rtapaMeTpOB bk 

~b d X =f. 
ik k lk k 

( 14) 

O"!eBHAHO, rrpH rrpoeKTHpoaaHHH ( 14) Ha 6a3HC X l rrony"'HTCSI CHCTeMa 

c nHaroHanbHOH MaTpHuel!:. OcTanocb noKa3aTb, 'ITO MaTpHua rrpeo6pa3oBaHHSI 

V oT a K b MO)I{eT 6biTb rrocTpoeHa opToroHanbHofi. 3Ta MaTpHua conep-

2 ( ) 'n ( ~ ~l) 
)I{HT n rrapaMeTpOBo YcnOBH9 13 HaKnaAbiBaeT Ha HHX CBH3el!:, 

2 

a Tpe5osaHHe opToroHanbHOCTH n(;+l) CBSI3el!:, T.e. acero n 
2 

H 3Ha"!HT 

TaKaH MaTpHua V MO)I{eT ObiTb rrocTpoeHa: 

j= =j=v- 1 Va=Db=f. .. 
O"!eBHAHO, MaTpRua M rrpHBOAHTCH K BRAY tl0} Ael!:cTBHeM H8 Hee 

crrpaaa opToroHanbHOl!: MaTpHUhl 

v 0 

0 I 

3. OueHHM Terrepb HOPMY MaTpHUhl M H o5paTHOI!: ell: MaTpRuw. M3-

aeCTHO, 'ITO OpTOroHanbHbie rrpeo6 pa30B8HHSI He MeHSIIDT HOpMbl Ma~'1Hllblo 

00STOMY AOCT8TO"'HO OUeHHTb HOpMy M8TpHUhl ( }Q). DpH ee Ael!:CTBHH Ha 

rrpOH3BOnbHbill: eAllHH"!Hbil!: BeKTOp C rrony'iaeTCSI Bbipa)l{eHHe 
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,\I 0 ........ (X ,LX) 
I 

c 
I 

,\ c + (x , LX) c 
I I I LX 

0 ,\ 2 : • • • • • • • (x , LX ) 
2 

c2 ,\2 c 2 +( x2 'LX) c LX 

0 0 ....... (x , LX) c <x ,LX)c 
LX LX LX LX 

II M II 2 
= max II M t' II 
llcll=t 

2 n 2 
= I ( ,\ c + ( X , LX ) c ) + ( X , LX ) 

1=1 I I I LX LX 

0 22n 22 2 

::: 2( I ,\I cl +1,;1 <xI' LX) cL) + <xLX' LX) CLX-< 
I= I 

2 n 2 2 

:S 2 ( ,\ max+ I~ I (X I ' LX) ) + ( XLX' LX) . 

c 2 < 
Lx-

( 15) 

( 16) 

n 2 
E~nacTseaaofi aenasecTHOfi senn~naofi s (16) RBnReTcR I(x ,LX) ;TaK KaK 

1=1 I 
aenH~HHa (x , L X) orrpe~eneaa na cncTeMbi ( 7): 

LX 

(X ' LX) = f = II 0 f II *) • 
LX LX 

l'l 

AaanorH~Hb!M oop830M qepea I (X J=l j 

o6paTHOfi M8TpHUbl 

.l.. 0 ........ 0 
,\1 

0 ...!. 
••••• 0 •• 0 

,\ 2 

(x 
1
,LX) (x ~LX) 

.... _I_. 
(x ,LX) 

LX 
,\ (x ,LX) ,\

2
(x ,LX) 

I LX LX 

~ 

,LX) 

c I 

c2 

c 
LX 

MO)I(HO OU9HHTb H HOpMy 

_s_ 

,\I 

~~ 
,\2 

I _:ix;,LX~ cLX_ 

l«t,\ (x LX) (v LX) 
1 d: "LX 

xl 
3aeCb Mbl BOCIIOnb30B8nHCb ycnoBHeM IIOnHOTbio 

8 

-1 2 -1 2 n 

II M II = max II M c [I = I 
\\ell=l 1=1 

2 
a n 
...! + (I 
A2 1=1 

I 

l 
n 2 

2 ~~~ (xt ,LX) 2 

2 
cl <xl ,LX) +- CLX __ ) 

A (y ,LX) 
!"LX 

(x , LX) 
LX 

< --- + - 2 
A min 

2 --,- + ---- ~ 
A (X , LX ) (X , LX) 

min LX LX 

< 
( 17) 

Tor~a oueHKa qncna o6ycnosneHHOCTH MO)I(eT 6biTb Bbipa)l(eHa ~epea senJiqHHY 

n 2 
I (X , LX) cne~yiOIIIHM o6paaoM: 

1=1 I 

(CondM )2~ (Cond j= )2[ ~~~(xt , LX)2) 2 

A2 + 
max (x , LX) 

2 

LX 

4 4 4,\'l; 

(x ,LX)2 + ~ + mtn 
LX 1\ max 

n 

+ I (X , LX)
2 

1=1 I A 2 (x , LX )2 
max LX 

2 
(xLX'LX)2 A2mtn 

+2+ 
4Amln 

+ +2---l. 
<x ,LX) 2 A2 A2 

LX max max 

4, llnR TQqHOI"'O pellieHHR, 0~9BH~H0 1 CITpaBe~nHBO 

n 

I a L ¢ + P LX = P f , 
1=1 I I n n 

) + 

r~e P n - rrpoeKTOP Ha rro~rrpocTpaHCTBO ¢yHKUHfi X ( i = l,2 ... n) • 
I 

(19) 3KBHBaneHTHO CHCT9M9 D ypaBH9HHfi: 

j= a+ z=f n' 

( 18) 

( 19) 

Ypasaeane 

( 19') 

r~e z - B9KTOp c KOMITOH9HT8MH (X ' LX ) ; f n - B9KTOp c KOMITOH9HT8MH 
I 

f
1
=(x

1
.f) (i=l,2 ... n). 

DpH rrony~eHHH rrpH6nH)I(9HHOJ:'O pellieHHH BM9CTO ( 19) HCTIOnbayeTCR 

j= ;' ,£ n ( 20) 

9 
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8bl'IHT9H ( 19) 113 ( 20) 1 IIpHXO.llHM K COOTHOlll9HHlO 

j=Ba=z. 

0TClO.ll8 

II a a f1 > ~= 
V i_ <x , LX) 2 

-----EL..:...J... ____ • 

f1 j= II II j= II 

Hs rronaoA cncTeMhl (7) cneayeT 

II a a II ~ II M- 'II II ar II . 

DD.llCT8HOBK8 (21) B (22) Jl89T H9p8B9HCTBO 

n 2 
2 I <x , LX) 

- + 
n 

2 2 1 
• LX) '5.. II j= II [ -- + 

2 
A min 

I <x 
I= I A 2 ( 

min XLx' LX) 
2 

+ 2 ~LX)2 J liB f[i~ 
LX 

( 21) 

( 22) 

( 23) 

MccneaoBaHHe HepaBeHcTBa (23) rrosBonsreT ycTaHOBHTb BepxHlOlO rpaHH-

uy BenH'IIIHbi f (X 
i=l I 

CTH MaTp!!Ubi M 

5. DepeAaeM 

2 , LX ) a, cnenoBaTenbHD 1 naTb oueHKY qncna o6ycnoBneHHD-

Terrepb K oueHKe sHaqeanA ~HsnqecKHX BenH'IHH. Bo MHDrllx 

CJiyqaHX caMH K03~~HUH9HTbl a I HM9lOT cj:JH3H'I9CKHA CMb!CIT, TaK 1 B MeTOJJ.e 

yceqeHHbiX 8CHMflTOTHK/ 6/ 1 H8IIpHMep, B Ha6op ~yHKUHA cp I BKJilO'I8lOTCH 

YXD.ll51IUH9 8CHMflTOTHKHo KoacpcpHUH9HTbl a i Dp!! HHX - 8MIIJIHTY.llbl COOTB9TCTBy­

!OlllHX KaHanoB. B o6rueM cnyqae ua6nlO.llaeMaH H srBnHeTCH ~YHKUHOHanoM 

oT 'l' • BapbHpyH rrorpemuocTH K03~~HUH9HTOB a 1 , MOlliHO orrpeaemrTb 

.BepxHJOJO H HHlliHJOJO rpaHHUbi BeJIH'IHHbi R 

ABTDpbt 6naroaapHbi H.B. AMnpxaHoBy, B.IT. )!<nryHoBy, E.n. )!<naKoBy, 

LYI. M aKapeHKO, o. J1xarBe, B.n. nepM5!KOBy, A.l1. TMTOBY H IO.H. <PeHMHY 

38 IIOJI93Hhle AHCKYCCHH. 
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